As urban areas sprawl and natural environments are modified, human-bear conflicts are becoming increasingly more common and significant management concerns throughout the United States (Peine 2001; Beckmann and Lackey 2008) and other countries (Mattson 1990; Huygens et al. 2004; Sangay and Vernes 2008) . In North America, nuisance activities by American black bears (Ursus americanus) include raiding crops and orchards, feeding on human food and garbage, and attacking livestock and humans (Herrero 2002) . However, management policies for black bears vary according to the status of the species, which ranges from pest to threatened (Pelton 2003) .
American black bears are generally crepuscular but may shift to diurnal or nocturnal activities depending on human activity (Pelton 2003) . Several studies have reported such behavioral changes of black bears in British Columbia (Reimchen 1998) , Nevada (Beckmann and Berger 2003) , and California (Ayres et al. 1986; Lyons 2005; Matthews et al. 2006) .
Recently, crop damage and human injuries have also been caused by Asiatic black bears (U. thibetanus) in Japan (Hazumi 1994) . Most of these disturbances occur in suburban landscapes surrounded by forests and farmlands with obscure boundaries (Ozaki and Kudo 2002) . In Japan, only a few behavioral studies have addressed such problems with black bears. In Nagano Prefecture, central Japan, Huygens and Hayashi (1999) constructed an electric fence around corn fields to test its effect on crop depredation by black bears. In the Experimental Farm of Tohoku University, northeastern Japan, Deguchi et al. (2003) placed infrared cameras near a corn field to observe nuisance behavior by black bears.
Despite these studies, little is known of the movement patterns of Asiatic black bears in suburban areas of Japan. Detailed monitoring of active Asiatic black bears near suburban areas is required to reduce human-bear interactions. Therefore, to characterize bear movement and resource selection patterns during the crop harvest season, we monitored the movement of a female Asiatic black bear, which was tagged in a forest adjacent to a suburban area, using global positioning system (GPS) technology.
Study area
The study was conducted over approximately 1000 ha on the outskirts of Morioka (39°42'N, 141°09'E), Iwate Prefecture, northeastern Japan (Fig. 1 ). This area is located in the cool temperate zone; the mean annual temperature is 10.2°C, and annual precipitation is 1142.5 mm (Japan Meteorological Agency 2007) . The elevation of the area ranges from approximately 150 m to 865.5 m at the peak of Mt. Hakogamori along the eastern edge of the Ou Mountains (Fig. 1) . The primary vegetation consists of secondary forests dominated by Mongolian oak (Quercus mongolica var. grosseserrata), Japanese white oak (Q. serrata), plantations of Japanese cedar (Cryptomeria japonica), Japanese red pine (Pinus densiflora), and Japanese larch (Larix kaempferi). Natural forests of Japanese beech (Fagus crenata) also present, but are sparse above 500 m.
A mosaic of residential areas and agricultural fields is interspersed among the forested mountains. Most of the agricultural fields are occupied by apple (Malus pumila var. domestica) orchards, which are harvested from *Present address: Uoriki Co., Ltd., 2969-5 Ishikawamachi, Hachioji, Tokyo 192-0032, Japan **To whom correspondence should be addressed. E-mail: deguchi@iwate-u.ac.jp mid-August to November. In contrast, Japanese pear (Pyrus pyrifolia var. culta), grape (Vitis spp.), and plum (Prunus spp.) orchards, paddy fields, and vegetable gardens are few and negligible (Nagasaka, M. personal communication). Since the 1980s, the agricultural crops in this area have been frequently damaged by black bears during the summer and autumn. The local government has received several complaints from residents and has conducted nuisance control of black bears (n = 27) during the summers of 1999-2008 (Iwate Prefecture unpublished data). Despite these efforts, crop depredation has continued in this area. Particularly severe crop damage occurred from June to November 2006, which resulted in many nuisance black bears (n = 13) being exterminated (Tsujimoto, T. personal communication).
Methods
From 30 July to 8 August 2006, three barrel traps baited with honey (Mano et al. 1990 ) were set in a mountainous habitat approximately 1.5 km from the village of Morioka (Fig. 1) . The traps were checked every 2 days. To immobilize the trapped bear, a mixture of ketamine hydrochloride (4.6 mg/kg) and medetomidine hydrochlo- ride (46.3 μg/kg) was used to anesthetize the bear, and hydrochloric atipamezole (231.5 μg/kg) was used as an antagonist. A GPS collar equipped with an activity sensor and drop-off device (285 g; GPS_3300S; Lotek Wireless Inc., Ontario, Canada), which totaled less than 5% of the animal's body weight (see Aldridge and Brigham 1988) , was fitted on the bear. The bear was marked with a numbered plastic tag, and its age was roughly categorized as yearling or adult based on body condition (Tsujimoto, T. personal communication).
To avoid aversive behavior due to capture and handling (Clark et al. 2002) , we handled and released the bear with minimum disturbance (Beckmann et al. 2004) . For the first 24 hours after the bear was released, movement data were excluded from the analysis to account for the anesthetics.
We determined the locations of the bear using GPS technology; triangulations were unnecessary. Following data collection, we approached the bear by homing (White and Garrot 1990) and retrieved the collar using the remote-controlled drop-off device.
GPS location fixes were assessed at 10-minute intervals. An activity sensor stored the number of vertical and horizontal movements of the bear every 5 minutes. The 5-minute activity counts (n) were summed and divided into active (n > 14) and inactive (n ≤ 13) periods (Kozakai et al. 2008) . The hourly activity rate (%) was also analyzed.
Each GPS fix was determined using a three-dimensional fix, a two-dimensional fix, and a dilution of precision (DOP), which measures the quality of satellite geometry (e.g., Moen et al. 1997) . Lewis et al. (2007) recommended excluding two-dimensional fixes with DOP > 5 to remove conspicuous fix errors and to retain the accuracy within 100 m; we followed these criteria.
Animal Movement version 2.04 beta (Hooge and Eichenlaub 2001) for ArcView ® GIS version 3.2a (ESRI Inc., California, USA) was used to analyze the movements and habitat selection of the bear. We used 90% kernel density estimation (KDE) with least-squares crossvalidation (Worton 1989; Seaman and Powell 1996; Seaman et al. 1999; Börger et al. 2006) to define the bear distribution. Fix locations were evaluated over four 6-hour periods (0000-0559, 0600-1159, 1200-1759, and 1800-2359), following calculated daylight hours (Hydrographic and Oceanographic Department 2006) and field observations during the sampling period. A digitized 1:25,000 vegetation map (Biodiversity Center of Japan 2006) was used to characterize the vegetation types used by the bear. Vegetation categories were reclassified as secondary deciduous forests, conifer plantations, grasslands, agricultural fields and residential areas, and the fix locations within each vegetation category were calculated. Chi-squared tests for independence (R version 2.8.0; R Development Core Team 2008) were used to test for differences in fix locations and habitat selection by the bear over each 6-hour period. The significance level was set at α = 0.01. We also surveyed the agricultural fields and conducted interviews with local farmers (n = 7) to determine the times of day during which humans were most often in the fields.
Results
On 6 August 2006, a female Asiatic black bear (54 kg) was captured in the secondary deciduous forest (capture site A; Fig. 1 ) and was released 2 days later. The presence of cubs was not detected, although the bear was classified as an adult based on the developed dugs. We also collected scat from the barrel trap, but no agricultural crops were included therein. From 9 to 23 August of the sampling period, the rate of successful GPS fixes was 33.9% (n = 695), the average DOP was 4.2 (SE = 0.12), and the activity sensor recorded 1401 counts. When the collar was retrieved on 25 August, we observed that the bear had damaged Japanese pears in a kitchen garden (Fig. 1) .
Throughout the sampling period, the 90% KDE of the bear was 309.0 ha. Habitat selection by the bear differed significantly between the periods of 9-15 August and 16-23 August. During the first 7 days, the bear only moved throughout mountainous habitat, whereas during the latter 8 days, the bear approached agricultural fields and residential areas (first half χ 2 = 69.79, df = 6, P < 0.001; second half χ 2 = 184.05, df = 6, P < 0.001; Table 1 ). Furthermore, the bear tended to prefer mountainous habitat (n = 55 and 109) during the day and primarily moved around the village (n = 82 and 43) at night (Table 1, Fig. 1) .
Similarly, activity time also significantly differed between these two periods (Fig. 2) . During the first 7 days, activity rates were higher from 1400 to 1900 h, with peaks at 1400, 1600, 1700, and 1900 h, and lower (≤ 45%) from 2000 to 1100 h (Fig. 2) . In contrast, during the latter period, the activity rate was highest from late at night to early in the morning. The activity rate peaked at 1900, 2000, 0100, 0500, and 0900 h, and was lower (< 40%) from 1100 to 1700 h (Fig. 2) .
All farmers began their workday in the orchards between 0800 and 0830 h and finished between 1700 and 1800 h; they were continuously present throughout these periods.
On 15 August 2007, the same female black bear was captured by local hunters in an orchard within the study area and was killed for bear nuisance control. At the same time, the hunters witnessed a cub fleeing from the site of capture (Tsujimoto, T. personal communication).
Discussion
Bacon and Burghardt (1976) and Larivière et al. (1994) argued that diurnal patterns of bears can be explained by foraging behavior. During the first half of the monitoring period, the female black bear only moved within the mountainous forests in the daytime, even though bears can easily invade the village and bear depredation actually occurred during this same period. Diurnal activity of this female may have been influenced by exclusive competition from other bears (e.g., adult male bears; Matthew et al. 2006) or ample food resources in the mountain habitats, especially secondary deciduous forests.
The movement of this bear was likely not affected by a relationship between capture and/or handling and avoidance of the village, because she was active within the mountain forests around the capture site during the first 7 days. However, Cattet et al. (2008) indicated that capture and handling affected the daily movement rates of collared grizzly bears (U. arctos) and American black bears for relatively long periods of time (≥ 1 month). Future studies should examine whether capture and handling affects the movement patterns of collared bears, promoting nocturnal and/or nuisance activity instead of inherent crepuscular or diurnal activity (Reimchen 1998; Pelton 2003) .
Conversely, during the second half of the survey period, this female black bear shifted her distribution and activity patterns quite rapidly before and after moving *The GPS fix locations not included within each 90% KDE were excluded (9-15 August, n = 2, 2, 1 and 0; 16-23 August, n = 17, 2, 0 and 2). **Because expected frequency was negligible, the GPS fix locations of Grasslands nad Residential areas were excluded when the test was evaluated. toward the village, where nuisance behavior was likely greater. These results indicate that this female was intentionally avoiding contact with humans, similar to previous studies (Ayres et al. 1986; Reimchen 1998; Beckmann and Berger 2003; Lyons 2005; Matthews et al. 2006) . Ayres et al. (1986) and Matthews et al. (2006) also reported that female American black bears can shift their activity patterns within a few days and across seasons. We suggest that such behavioral changes of black bears occur quite quickly, and further studies of this phenomenon are warranted. Here, we described the daily movement patterns of a female Asiatic black bear in a suburban area of Japan. Together with other investigations at nearby sites (Huygens and Hayashi 1999; Deguchi et al. 2003) , our approach using GPS technology may prove useful for developing management policies for nuisance black bears. However, our tracking period was brief, and bears must be collared in advance, especially if daily bear movement rates are evaluated more strictly (Cattet et al. 2008) . In future studies, simultaneous monitoring using GPS technology will be crucial for revealing social interactions among black bears. Such results would not only be useful for developing defensive measures but also for conserving mountains and forests as bear habitat.
